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Preterm birth accounts for half of the childhood neurodevelopmental disabilities and almost 75% of perinatal deaths occur in infants born before 37 weeks' gestation.
1,2 Although approximately 75% of women presenting with threatened preterm labor remain initially undelivered after an initial course of tocolytics of 48 hours, their risk of preterm delivery after this period is still increased; 65% of women deliver before 37 weeks. 3 Unfortunately, the risk is difficult to estimate for the individual woman. Previously, several factors such as short cervical length and positive fetal fibronectin (fFN) have been shown to be predictors of early delivery in pregnant women. 4, 5 It is important to identify women who will deliver within 1 week because women with a high risk may benefit from prolonged hospitalization in a tertiary center 6 and other management options for preterm labor.
Since preterm birth is multifactorial, 7 it is likely that a single test alone cannot predict preterm birth accurately.
In the present study, we assessed which demographic and clinical characteristics, results of vaginal examination and laboratory variables are predictive factors for delivery within 7 days in women with threatened preterm labor who had not delivered within 48 hours after initial treatment.
Materials and Methods

Setting
This is a secondary analysis of the APOSTEL-II trial (Assessment of Perinatal Outcome with Sustained Tocolysis in Early Labor), performed between June 2008 and February 2010. Women with threatened preterm labor between 26 þ0 and 32 þ2 weeks gestational age were randomly allocated to maintenance tocolysis with nifedipine or placebo. At that point, women had already been treated with tocolytics for 48 hours to complete a course of corticosteroids. Both the randomized controlled trial and the secondary analysis were approved by the Institutional Review Board of the participating hospitals. The design and main results have been previously published. 8, 9 All participants gave informed consent. Because the trial has shown that maintenance therapy is ineffective in prolonging pregnancy and improving perinatal outcome, both women with maintenance tocolytic therapy and women with placebo were included in the analysis. Also women refusing randomization, but consenting follow-up of their data (the nonrandomized group) were included in the present study. Data were entered in a database by research nurses and midwives and validation of the data was performed by the lead author of this article.
Outcome
The outcome variable of primary interest of our prediction models was delivery within 7 days after initial 48 hours of arrest of preterm labor.
Predictors under Study
Based on the literature 10-13 and expert experience, we identified candidate predictors for delivery within 7 days after arrest of threatened preterm labor. Candidate predictors were maternal age, ethnicity, education level, body mass index, history of preterm birth before 32 weeks and before 37 weeks, multifetal gestation, premature prelabor rupture of membranes (PPROM), vaginal bleeding at study entry, Group B Streptococcus status, C-reactive protein (CRP) at study entry, fFN at study entry, dilatation at study entry (digital exam), and cervical length at study entry (ultrasound). A combination of parity and a history of preterm birth were categorized into multiparous women with a prior birth ! 37 weeks' gestation (reference), nulliparous women, multiparous women with a prior birth < 32 weeks, and multiparous women with a prior birth 32 to 37 weeks. We developed two separate models, one for women with PPROM (model 1) in whom the variables dilatation, cervical length, and fFN had not been assessed, and one for women without PPROM (model 2) which included these variables.
Data Analysis
Associations between the candidate predictors and delivery within 7 days were analyzed with logistic regression analysis. Although generally not recommended, 14 we performed a preselection based on the univariable analyses p-value (<0.20) to retain a reasonable number of events per variable in the multivariable model.
15
Maternal age, body mass index, gestational age, CRP, dilatation, and cervical length were analyzed as continuous variables. Linearity of their association with the outcome was assessed using cubic spline analyses. 16 In case of no linearity, variables were transformed with logistic transformation or the addition of a quadratic term according to the shape of their plots. All other variables were dichotomous. To correct for the allocated intervention in the original trial, we also included intervention as a variable in the analysis. Various subjects had missing values, ranging from 0% missing values in maternal age to 60% in fFN in women without PPROM. Because missing values could be selectively missing, complete case analysis may yield to biased results. [17] [18] [19] Hence, before performing the analyses, the missing values were imputed using multiple imputation (10 times). The imputation model included all potential predictors as well as the outcome of interest.
16,20-22
In prognostic model research, there is a chance of finding spurious predictors and overestimated regression coefficients. 16, 20, 23 Such overfitted models will create too extreme and optimistic predictions when applied in new cohorts. To assess the degree of overfitting or optimism in this study, we (internally) validated the models using bootstrapping techniques. 24 This yielded a shrinkage factor, with which the regression coefficients were multiplied (uniformly shrunken) to adjust for overfitting and optimism. All analyses including the bootstrapping techniques were performed in R version 2.10.0 (The R Foundation for Statistical Computing, 2009, Vienna, Austria).
The ability of the two models to discriminate between women who delivered within or beyond 7 days was quantified with the area under the receiver operating characteristic curve (c-statistic). Calibration was assessed by comparing the predicted probabilities with the observed frequencies of delivery within 7 days. The agreement between the observed proportions of delivery within 7 days and the predicted risks was studied with calibration plots, 16, 25 which provided additional insight in the distribution of the predicted outcome incidences.
Results
In the APOSTEL-II trial, 636 women were eligible for participation, of whom 406 women gave informed consent for randomization between maintenance tocolysis with nifedipine (201 women) and placebo (205 women) (►Fig. 1). The other 230 women refused randomization but gave informed consent for follow-up of their medical data. There was no loss to follow-up in the randomization group, while eight women were lost to follow-up in the nonrandomization group. Baseline characteristics for the total cohort of 628 women for complete cases (n ¼ 30) and for cases with one or more missing variable (n ¼ 598) are shown in Appendix 1. Values after imputation are displayed in ►Table 1. Delivery within 1 week after arrest of threatened preterm labor occurred in 151 women (24%), 61 of 144 (42%) women with PPROM and 90 of 484 (19%) women without PPROM (p < 0.001). This indicates that PPROM is a major predictive factor for delivery within 7 days. Some variables were not linear with the outcome. For women without PPROM, maternal age and CRP were transformed with logistic transformation. ►Table 2 summarizes the baseline characteristics of the women who had PPROM at inclusion for women who delivered within 1 week versus those who delivered beyond that week. The results of the univariable and multivariable analyses for all women with PPROM are shown in the same table. In the univariable analysis, variables related to delivery within 7 days in women with PPROM were nulliparity (odds ratio 
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[OR], 3.6; 95% confidence interval [CI], 1.6-8.5) and prior preterm birth 32 to 37 weeks (OR, 3.5; 95% CI, 1.0-12 as compared with a prior birth ! 37 weeks). After backward selection, nulliparity, prior preterm birth < 32 and 32 to 37 weeks, and vaginal bleeding were included in the model. ►Table 3 shows the baseline characteristics of the women without PPROM at inclusion, also divided in women who delivered within 1 week and women who delivered beyond 1 week. In the univariable analysis, variables related to delivery within 1 week were vaginal bleeding (OR, 4.6; 95% CI, 2.8-7. 
Discussion
In this study, we investigated if women at increased risk of delivery within 7 days after arrest of threatened preterm labor could be identified from certain antepartum characteristics. Our results from the multivariable analysis show that in women with PPROM, the relevant predictive variables are nulliparity, previous preterm delivery < 32 and 32 to 37 weeks' gestation, and vaginal bleeding. In women without PPROM, predictive variables were maternal age, vaginal bleeding, positive fFN status, and cervical length. The analytic models show moderate discriminative capability for women with PPROM and good discriminative capability for women without PPROM.
Using the multivariable associations, it is possible to calculate the risk of delivery within 7 days after arrest of threatened preterm labor, the next formula can be used: Most studies have concentrated on screening early in pregnancy and on the outcome of preterm delivery < 32 to 37 weeks. [26] [27] [28] [29] [30] Identifying patients at risk of preterm delivery should be considered differently at each stage of pregnancy. For example, early in pregnancy history of preterm birth and ethnicity are indicators for preterm delivery. 26, 28 In midpregnancy, fFN detection and cervical length are associated with preterm delivery. 27, 29, 30 In symptomatic patients, fFN and cervical length improved identification of women with a low risk to deliver spontaneously within 7 days. 31 In general, sensitivity and specificity of these predictive factors are fairly low. We concentrated on women who did not deliver after initial therapy for threatened preterm labor because it may affect their management with regard to prolonged admission or discharge after initial medical treatment. Several methodological aspects of the study deserve consideration: study population, missing values, unexpected results, over-, and underestimation.
We included both randomized and nonrandomized women in the study. Although this might raise concern about heterogeneity, we aimed to perform an analysis for all patients with arrested preterm labor-whether they participate in a randomized trial or not-to exclude the Hawthorn effect from these results. 32 We feel we could do this because the intervention of maintenance tocolysis was not effective in prolonging pregnancy and improving perinatal outcome in the original trial. We performed our study in all 10 Dutch tertiary care centers, which indicates good representation for the Dutch population. From the population, 4.3% was of African ethnicity, and 14.7% was non-Caucasian non-African. African ethnicity is a well-known risk factor for preterm delivery,
26,33
which we did not identify in our study. This is probably attributed to the fact that the incidence of African ethnicity in the study was low. We did not include smoking in our analyses because smoking as a risk factor for preterm birth in the literature mostly included both spontaneous and medically indicated preterm births combined, [34] [35] [36] and we feel that delivery within 7 days after arrest of threatened preterm labor is mostly based on only spontaneous preterm births.
We encountered missing values, for example, in fFN testing 60% of the values were missing. fFN testing was not standard in the Netherlands at the time of this trial, and women had to give separate informed consent for performing this test. To prevent loss in statistical power, we imputed missing values, which is superior to complete case analysis. 19 We expected women with a prior preterm birth to have an increased risk of delivery within 7 days after arrest of threatened preterm labor in the current pregnancy in women without PPROM. 28 We observed that this was not the case in our study. The unexpected finding may have been caused by intervention effects or selection bias. 37 As women with a prior preterm delivery may be treated earlier in the process of threatened preterm labor than women without a prior preterm delivery, it is possible that this led to a seemingly more effective treatment of threatened preterm labor, by starting treatment in the latent phase of labor instead of the acceleration phase of labor. Also, these women have more risk to delivery early, for example, in the first 48 hours after admission for threatened preterm labor. In that case, they were not even included in our trial. We cannot exclude the possibility of selection bias because collection of data on women who refuse randomization and refuse follow-up of their data (nonparticipants) is not allowed.
We observed slight over-and underestimation of risk for delivery within 1 week, as shown in ►Fig. 2a, b. For the sum of variables, there is a tendency for slight overestimation of low predicted risk and for slight underestimation of high predicted risk (►Fig. 2a, b). The switch from overestimation in low predicted risk to underestimation in high predicted risk was at approximately 50% for women with PPROM and approximately 20% for women without PPROM. This is due to the low number of cases in the higher risk group of women without PPROM, which suggests that PPROM is a major risk factor for delivery within 1 week.
Women with initial arrest of threatened preterm labor remain at risk for delivery within 7 days. PPROM and vaginal bleeding in the current pregnancy are relevant predictive factors in all women, as are maternal age, cervical length, and fFN in women without PPROM and nulliparity, prior preterm birth < 32 weeks, and prior preterm birth 32 to 37 weeks in women with PPROM. Most risk factors for delivery within 1 week after arrest of preterm labor are nonadjustable, for example, maternal age and history of preterm birth. Even so, it is of clinical use to know whether a woman is at high or low risk of delivery within 1 week, to determine the necessary level of care. Although women at low risk can be observed in secondary care or home care, women with a high risk may benefit from prolonged admission in a tertiary center.
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